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Abstract
Are pathogens in outdoor air a health issue at present or will they become a problem in the future?
A working group called AirPath - Outdoor Environments and Human Pathogens in Air was set up in
2007 at University College London, UK with the aim of opening new discussion and creating a
research network to investigate the science and impacts of outdoor pathogens. Our objective in
this paper is to review and discuss the following areas: What is the source of human pathogens in
outdoor air? What current, developing and future techniques do we need? Can we identify at-risk
groups in relation to their activities and environments? How do we prepare for the anticipated
challenges of environmental change and new and emerging diseases? And how can we control for
and prevent pathogens in outdoor environments? We think that this work can benefit the wider
research community and policy makers by providing a concise overview of various research aspects
and considerations which may be important to their work.
Introduction
Low moisture and nutrient levels, combined with high
levels of ultraviolet (UV) radiation mean that the atmos-
phere is inhospitable to microbial life [1]. The huge vol-
ume of air outdoors compared to air indoors also helps to
dilute the concentration of microbes and reduce the level
of exposure. Nevertheless, we need to ask: are pathogens
in outdoor air a health issue at present or will they
become problematic in the future? The multidisciplinary
working group, AirPath was organised to review and dis-
cuss the problem of pathogens. Four two-day meetings
over a period of 18 months from July 2007 have generated
contributions from more than 30 participants, over 20
oral presentations, and various round-table discussions,
which were recorded on DVD. In order to summarise the
wealth of knowledge contributed by the multidisciplinary
group, the panel (the authors of the present paper) has
arranged the discussion into five themes: 1. What is the
source of human pathogens in outdoor air? 2. What cur-
rent, developing and future techniques do we need? 3.
Can we identify at-risk groups in relation to their activities
and environments? 4. How do we prepare for the antici-
pated challenges of environmental change and new and
emerging diseases? and 5. How can we control for and
prevent pathogens in outdoor environments?
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Environmental Health 2009, 8(Suppl 1):S15 http://www.ehjournal.net/content/8/S1/S15Participants were selected on the basis of their involve-
ment, for example, as president or executive committee
members of related professional and academic bodies
such as the British Aerobiology Federation, the Aerosol
Society and the International Association of Aerobiology;
their work in related UK organisations, such as the Health
Protection Agency (HPA), hospitals and Defence Science
and Technology Laboratory (DSTL); or their research in
relevant fields such as epidemiology, meteorology, geoin-
formatics, and natural resource management. Researchers
outside the UK were invited to give an international
dimension and network of collaboration to the UK partic-
ipants. Rather than focus on a narrow topic, the aim of the
AirPath working group is to explore the complex and
multidisciplinary facets of research connected with the
outdoor environment and human pathogens in air, ana-
lyse their potential implications, and investigate applica-
tions of this research for the well being of society.
Research methods, review and discussion
At the first two meetings, participants were given a topic
and asked to prepare a one-page literature review to sup-
port their presentations; each topic was assigned to two
participants from different disciplines in order to ensure
cross-disciplinarity of the discussion. These presentations
now form the core of our review, and all the discussions
from all the meetings were recorded. We have conducted
an extended literature search and review to ensure that the
content is representative, comprehensive and connected
to the five main areas arranged below.
What is the source of human pathogens in outdoor air?
Participants discussed four main areas that are known to
contribute pathogens to the outdoor air and have proved
to be linked with human health - 1. Natural environments
2. Engineering environments 3. Agriculture and 4. Waste
treatment (Figure 1). As shown in Figure 1, air pathogens
from environmental sources are diverse in terms of type of
source and aerosolisation factors, and it is moreover pos-
sible that some pathogens are under-reported because a
number of them cause similar respiratory symptoms, e.g.
coughing and sneezing [2,3]. Because there are numerous
types of pathogens released to the outdoors and given the
publishing constraints, the list of pathogens from differ-
ent sources can be found in the cited references in Figure
1. In addition, although many environmental pathogens
are restricted to limited geographic areas, it may be naïve
to assume that pathogens previously restricted to specific
locations will not shift with impending global climate
change; or we may find that our current knowledge is
based on inadequate data and we have yet to discover the
actual distribution of a number of these pathogens [2,4].
The pathogens cited in the references may not yet be rele-
vant to the UK, but could pose a future threat due, for
example, to climate change. Moreover, various pathogens
can potentially be released from waste treatment facilities;
how will the mounting levels of composted green waste,
food waste and other traditional landfill materials, as well
as increasing bio-solid applications to land, impact on the
pathogens in air?
What current, developing and future techniques do we 
need?
What types and how many pathogens are we exposed to?
Is our environment changing and impacting on our
health? To answer these questions, we require various
techniques to support our research, such as sampling,
detection and identification, monitoring, transport mod-
els, and laboratory experimentation (Table 1). Kuske
reviewed the current and emerging technologies for the
study of bacteria in outdoor air in 2006 [5]. We searched
the literature from 2006 onwards to extend Kuske's review
and paid close attention to the study of viruses. Some
studies show that climatological factors can influence
viral disease transmission, e.g. respiratory syncytial virus
[6]. The environmental sampling of human viruses is
therefore an area that we regard as important in order to
prepare for new and emerging diseases in our time.
Table 1 highlights the diverse skills and knowledge out-
side the traditional microbiology and aerobiology fields,
which can be adopted to understand pathogens in the
outdoor air. Kuske's review [5] contributes largely with
regard to sampling and detection and identification in
Table 1. Our review has added, for example, the spatial
and temporal monitoring issues, epidemiology and com-
putational fluid dynamic models, and the application of
laboratory experimental facilities. Moreover, a variety of
examples were given on the study of viruses in the air.
Environmental sources of pathogens in outdoor airFigure 1
Environmental sources of pathogens in outdoor air.
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and environments?
It is important to better understand the risk factors associ-
ated with the outdoor air transmission of infections, but
the best approach is not always straightforward. Epidemi-
ology is the study of the link between exposure, outcome
and confounders, but the measurement of exposure to
outdoor pathogens in the air is difficult, as it is problem-
atic to conduct controlled laboratory experiments, for
example, to expose people to pathogens within the labo-
ratory. In addition, the technology to obtain accurate
organism counts may not yet be available. Moreover, it
will be a challenge to evaluate the possible environmental
influences such as climatic conditions and proximity to a
source, when we assess exposure levels, especially retro-
spectively [6-8]. Furthermore, it is not always clear how
the outcomes should be measured [9,10]. Many respira-
tory infections do not have a definitive causal organism
[3]. Infections may be asymptomatic and most infections
have numerous subtypes [3,8]. Age, gender, social class,
health, exposure to pollution, and a variety of other fac-
tors are the potential confounders that must be addressed
in future epidemiology studies.
From the AirPath point of view, to carry out an exposure
assessment - that is, to estimate and measure the amount
of infectious pathogens entering our bodies through inha-
lation - is already a complex and multidisciplinary science
without the added component of using exposure data and
disease outcomes to predict risk factors. We think that Air-
Path has contributed towards forming a technical net-
work, as shown in the output in Table 1, as well as a
medical network to further clarify a comprehensive and
systematic exposure assessment.
Table 1: Current, developing and future techniques with a highlight on the study of viruses
Techniques Description
Sampling Sampling of bioaerosols (bacteria and fungi) is widely reviewed [5]. Bioaerosols can be collected on various media 
depending on the type of microbial detection, and can be collected according to their size to estimate their 
deposition on the respiratory system. All of these sampling techniques have pros and cons regarding the issues of 
size separation, sampling volume and time, biological recovery, and particle removal efficiency as well as the 
choice of subsequent analytical and detection methods. The sampling and quantification of viruses is less widely 
studied. One recent study has developed methods for airborne influenza and avian influenza virus, which is 
currently one of the biggest concerns of public health [11].
Detection and Identification Detection and identification of pathogens has changed since the development of different molecular methods and 
innovative approaches other than culture methods [5]. The existing detection methods can be divided into two 
levels: generic and specific. Generic detection gives information about whether the particles are biological 
materials, microbes or living cells, e.g. bioluminescent measurement of ATP using continuous flow luminometer 
and mass-spectrometry. Specific methods such as micro-arrary and immuno-assays can tell us what kind of 
microbes are detected and identified. Other new techniques have been proposed for bio-detection, for instance, 
by characterising the size and shape of bioaerosols, pollens and fungal spores under microscope [18] and 
analysing fluorescence spectrum of bacteria [5].
Monitoring It is widely recognised that background biological and chemical materials and their continuous environmental 
fluctuation will significantly influence monitoring. Air movement, sunlight/UV radiation, humidity, rainfall, and 
inversions are some of the environmental factors that need to be considered during monitoring. Another 
consideration is where and when to sample with regard to spatial and temporal relevance [19]. For example, the 
release of pathogens can cause a significant downwind hazard which requires a wide area and long period of 
sampling [7].
Transport/Transmission models Epidemiology studies can link disease cases together and develop a disease transport and transmission model [8]. 
However, it will not always explain the mechanism. Moreover, it requires a significant number of cases in order 
to develop a model. The use of computational fluid dynamic (CFD) models and tracer gas simulation has 
demonstrated that the Severe Acute Respiratory Syndrome (SARS) virus can travel and disperse outdoors 
through air, and became a source of pathogens to other indoor environments [12]. A similar technique has been 
used in the modelling of aerosols and chemical pollutants in streets, waste treatment facilities, and other 
pathogen sources outdoors [7].
Biological Experimentation Because pathogens travel in air, it is inevitable that the biological activity will be influenced by the environment. 
Data can be collected from field studies to determine the impact of environments on the fate and behaviour of 
pathogens. However, since the pathogens and environment vary and fluctuate frequently, it is not easy to build 
this scientific link using field data alone. Some studies have investigated the viability and environmental limits of 
airborne viruses and bacteria using a rotating drum and controlled climate environmental chambers [20].Page 3 of 5
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Studies from both field and laboratory settings indicate
that environments and environmental factors can signifi-
cantly impact on the fate and behaviour of bioaerosols
and health risk. It is generally recognised that the environ-
ment is constantly changing, either physically, climati-
cally, socially, or a combination of all three. Not only is
the environment ever changing, but the types of diseases
are also changing. The presence of new and emerging dis-
eases is one of the most urgent threats to humanity across
the globe [3,11,12]. Climate change is a high priority issue
that everyone is facing; and it may be that environmental
pathogens will respond to climate change as well. Climate
change not only affects the pathogens in air, but also their
source, source strength and aerosolisation mechanisms
(e.g. through extreme weather conditions) [13,14]; these
are fairly unexplored at present.
New and emerging diseases are a major health concern
because we do not know much about them. We do not yet
know how best to prevent and control them and, most
importantly, we often do not know how to treat them, but
it is likely that genetics and the state of the immune sys-
tem of the global population plays a key role in disease
prevalence [2]. With advances in medical treatment,
greater numbers of disease-susceptible groups, such as
immuno-compromised individuals are expected to sur-
vive longer in the overall population. This trend may
change our understanding of pathogens because many
unexpected microbes and infection pathways can appear
within this transforming population.
How can we control for and prevent pathogens in outdoor 
environments?
Once pathogens are in the air, one of the few things we
can do to minimise the health risk is to source control
(reduce/eliminate the source and its strength and the aer-
osolisation factors, as well as potential dispersal intercep-
tion near the source) [15]. Modelling the movement of
bioaerosols in order to advise people to prepare or even
evacuate is another option for reducing the health risk
[10]. Although the physical properties and transport of
aerosols can be predicted in most environments, it is not
always known how biological properties change in the
aerosol dynamics pathway and during outdoor transport
(e.g. aggregation, scavenging and deposition). Source con-
trol is not always possible, for instance, if the sources of
pathogens are unknown. The longer it takes to identify the
source, the higher the risk it poses to people.
Because of the differences in the type of sources, the
nature of the pathogens and their geographical preva-
lence, various research and policy approaches have been
taken by different regulatory bodies. Using Legionellosis
as an example, guidelines and regulations are available
from various government agencies, cooling tower manu-
facturers and industrial trade organisations to control and
prevent the growth and dispersal of these particular path-
ogens. Although guidelines and regulations are widely
known and implemented, outbreaks of Legionnaire's dis-
ease are not uncommon. Some studies report that the
pathogens can travel up to 12 km from the suspected
source and still cause infections [8], thus indicating a
more complicated relationship between source and dis-
ease transmission than was previously understood.
There is a significant knowledge gap in understanding and
assessing the risk of outdoor pathogens in air. In order to
complete the transmission pathway and set up regulation,
control and prevention measures, we need to better
understand and identify pathogens at their source, iden-
tify the aerosolisation mechanisms and dispersal plume,
have adequate qualitative and quantitative techniques to
detect the pathogens in different media, and understand
the deposition process and required dose for infection. As
in Skyes et al.'s analysis, a risk assessment framework was
used to assess the potential health risks from bioaerosols
from composting [10]. Current knowledge of pathogen
risk assessment in air is far from complete; without know-
ing the infectious dose and actual risk to society, there is
little motivation on the part of governments or manufac-
turers to research methods of control.
Conclusion
In our complex, changing world, some environmental
health problems are not straightforward to identify until a
very serious health impact occurs. When health problems
do emerge, we may only have a very short period of time
and opportunity in which to react, identify and restore the
damaged natural environment. As a result, we strongly
assert the necessity to understand the environment and its
relationship with pathogens in air before health hazards
associated with the relevant pathogens can appear. In the
present paper we have briefly reviewed and presented our
views on various issues. Our next step is to encourage and
support focused multidisciplinary research in order to fill
the missing knowledge gaps and translate research into
practice and policy.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
Dr. Ka-man, Lai is the PI of the AirPath working group.
She led the meetings and preparation of this paper. Prof.
Jean Emberlin and Prof. Ian Colbeck are the Co-I of this
working group. They advised on the topics for discussion
in the meetings and in this paper as well as helped toPage 4 of 5
(page number not for citation purposes)
Environmental Health 2009, 8(Suppl 1):S15 http://www.ehjournal.net/content/8/S1/S15Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
make connection to the appropriate experts and organisa-
tions to participate in the group.
Note
The peer review of this article can be found in Additional
file 1.
Additional material
Acknowledgements
AirPath (NE/E00881X/1, NE/E008674/1, NE/E008852/1) is a working group 
funded by the UK Joint Environment & Human Health Programme (NERC, 
EA, Defra, MOD, MRC, The Wellcome Trust, ESRC, BBSRC, EPSRC and 
HPA). This paper is one of the outcomes of the working group. All the par-
ticipants contributed to this work and their names and research interests 
can be found in the working group website http://www-
research.cege.ucl.ac.uk/airpath/
This article has been published as part of Environmental Health Volume 8 
Supplement 1, 2009: Proceedings of the Joint Environment and Human 
Health Programme: Annual Science Day Conference and Workshop. The 
full contents of the supplement are available online at http://www.ehjour 
nal.net/supplements/8/S1.
References
1. Cox CS: The Aerobiological Pathway of Microorganisms Chichester: John
Wiley & Sons; 1987. 
2. Cadena J, Hartzler A, Hsue G, Longfield RN: Coccidioidomycosis
and Tuberculosis Coinfection at a Tuberculosis Hospital
Clinical Features and Literature Review.  Med 2009, 88:66-76.
3. Jennings LC, Anderson TP, Beynon KA, Chua A, Laing RTR, Werno
AM, Young SA, Chambers ST, Murdoch DR: Incidence and charac-
teristics of viral community-acquired pneumonia in adults.
Thorax 2008, 63:42-48.
4. Kidd SE, Bach PJ, Hingston AO, Mak S, Chow Y, MacDougall L, Kro-
nstad JW, Barlett KH: Cryptococcus gattii dispersal mecha-
nisms, British Columbia, Canada.  Emerg Infect Dis 2007,
13:51-57.
5. Kuske CR: Current and emerging technologies for the study
of bacteria in the outdoor air.  Curr Opin Biotechnol 2006,
17:291-296.
6. Noyola DE, Mandeville PB: Effect of climatological factors on
respiratory syncytial virus epidemics.  Epidemiol Infect 2008,
136:1328-1332.
7. Blatny JM, Reif BAP, Skogan G, Andreassen O, Hoiby EA, Ask E, Waa-
gen V, Aanonsen D, Aaberge IS, Caugant DA: Tracking airborne
Legionella and Legionella pneumophila at a biological treat-
ment plant.  Environ Sci Technol 2008, 42:7360-7367.
8. Nguyen TMN, Ilef D, Jarraud S, Rouil L, Campese C, Che D, Haeghe-
baert S, Ganiayre FO, Marcel F, Etienne J, Desenclos JC: A commu-
nity-wide outbreak of legionnaires disease linked to
industrial cooling towers - How far can contaminated aero-
sols spread?  J Infect Dis 2006, 193:102-111.
9. Radon K, Monso E, Weber C, Danuser B, Iversen M, Opravil U, Don-
ham K, Hartung J, Pedersen S, Garz S, Blainey D, Rabe U, Nowak D:
Prevalence and risk factors for airway diseases in farmers -
Summary of results of the European Farmers' Project.  Ann
Agric Environ Med 2002, 9:207-213.
10. Sykes P, Jones K, Wildsmith JD: Managing the potential public
health risks from bioaerosol liberation at commercial com-
posting sites in the UK: an analysis of the evidence base.
Resour Conserv Recycl 2007, 52:410-424.
11. Chen PS, Lin CK, Tsai FT, Yang CY, Lee CH, Liao YS, Yeh CY, King
CC, Wu JL, Wang YC, Lin KH: Quantification of Airborne Influ-
enza and Avian Influenza Virus in a Wet Poultry Market
using a Filter/Real-time qPCR Method.  Aerosol Sci Technol 2009,
43:290-297.
12. Gao NP, Niu JL, Perino M, Heiselberg P: The airborne transmis-
sion of infection between flats in high-rise residential build-
ings: Tracer gas simulation.  Build Environ 2008, 43:1805-1817.
13. Solomon GM, Hjelmroos-Koski M, Rotkin-Ellman M, Hammond SK:
Airborne mold and endotoxin concentrations in New Orle-
ans, Louisiana, after flooding, October through November
2005.  Environ Health Perspect 2006, 114:1381-1386.
14. Polymenakou PN, Mandalakis M, Stephanou EG, Tselepides A: Parti-
cle size distribution of airborne microorganisms and patho-
gens during an intense African dust event in the eastern
Mediterranean.  Environ Health Perspect 2008, 116:292-296.
15. Kummer V, Thiel WR: Bioaerosols - Sources and control meas-
ures.  Int J Hyg Environ Health 2008, 211:299-307.
16. Brodie LE, DeSantis TZ, Moberg-Parker JP, Zubietta IX, Piceno YM,
Anderson GL: Urban aerosols harbor diverse and dynamic
bacterial population.  Proc Nat Acad Sci 2006, 104:299-304.
17. Brooks JP, Tanner BD, Josephson KL, Gerba CP, Haas CN, Pepper IL:
A national study on the residential impact of biological aer-
osols from the land application of biosolids.  J Appl Microbiol
2005, 99:310-322.
18. Chen C, Hendriks EA, Duin RPW, Reiber JHC, Hiemstra PS, de
Weger LA, Stoel BC: Feasibility study on automated recogni-
tion of allergenic pollen: grass, birch and mugwort.  Aerobio-
logia 2006, 22:275-284.
19. Fierer N, Liu Z, Rodriguez-Hernandez M, Knight R, Henn M, Hernan-
dez MT: Short-term temporal variability in airborne bacterial
and fungal populations.  Appl Environ Microbiol 2008, 74:200-208.
20. Krumins V, Son EK, Mainelis G, Fennell DE: Retention of inacti-
vated bioaerosols and ethene in a rotating bioreactor con-
structed for bloaerosol activity studies.  Clean Soil Air Water
2008, 36:593-600.
Additional file 1
Peer review.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1476-
069X-8-S1-S15-S1.doc]Page 5 of 5
(page number not for citation purposes)
